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Clinical Medicine and Surgery, Federico II UnivAbstract Background and aims: The strength of the associations of dietary scores with cardio-
vascular disease (CVD) and all-cause mortality in elderly vary considerably between a priori
scores. To assess whether healthy eating lowers the risk of CVD and all-cause mortality among
elderly men.
Methods and results: The Zutphen Elderly Study (age 65e84 years) was divided into men with
(n Z 210) and without (n Z 616) cardiovascular-metabolic diseases at baseline in 1985. Diet
was assessed with the cross-check dietary history method. We created the “Dutch Healthy
Nutrient and Food Score” (DHNaFS) and the “Dutch Undesirable Nutrient and Food Score” (DU-
NaFS). Associations of the scores with CVD and all-cause mortality were assessed using multivar-
iable Cox regression models. Associations of scores with life years gained used general linear
models.
During a median follow-up of 10.6 years (IQR 5.8e15.9) 806 participants died, of whom 359
from CVD. In all men, diet scores did not predict death. Among men with cardiovascular-
metabolic diseases, DHNaFS was associated with lower CVD (HR: 0.57; 95% CI: 0.35e0.93) and
all-cause mortality risk (HR: 0.64; 95% CI: 0.44e0.94) comparing the highest vs. the lowest score
tertiles. Men with cardiovascular-metabolic diseases in the highest vs. the lowest tertile of the
DHNaFS lived approximately 2.5 years longer. The DHNaFS was not associated with CVD and
all-cause mortality in menwithout cardiovascular-metabolic diseases. The DUNaFS was not asso-
ciated with any of the outcomes.
Conclusion: A high quality diet was associated with a 40% lower mortality risk and 2.5 years
longer life expectancy in elderly men with, but not without, cardiovascular-metabolic diseases.
ª 2015 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico II University. Published by Elsevier B.V. All rights reserved.Introduction
Several a priori dietary scores have been developed to
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1118 F.P.C. Sijtsma et al.predominantly on nutrient intakes [4e6]. Furthermore,
food-based a priori scores have the advantage that they are
easier to translate into diet recommendations. Existing
scores have some disadvantages. First, a limited selection
of food groups is included, second, food groups are
generally broadly deﬁned and third, many scores include
both food and nutrient-based scoring components.
Studies in populations free from cardiovascular-
metabolic diseases at baseline reported lower risk of CVD
and all-cause mortality with higher dietary scores indi-
cating a healthier diet [4,5,7]. Several studies did not
adjust for prevalent diseases in elderly people [6,8e10].
The association of dietary scores with mortality in pop-
ulations with cardiovascular-metabolic diseases at base-
line have only been investigated in men and women aged
60 to 70 [11e14] and in a small population aged 70þ [15].
We hypothesized that nutrient-rich dietary scores are
associated with lower CVD and all-cause mortality risk.
Because the prevalence of cardiovascular-metabolic dis-
eases increases with age and may be associated with di-
etary modiﬁcations, we stratiﬁed our sample into men
with and without cardiovascular-metabolic diseases at
baseline. In 2010, 98% of the Zutphen Elderly cohort had
died, providing a unique opportunity to study the predic-
tive value of a nutrient-rich dietary score for CVD and all-
cause mortality risk as well as for life years gained.
Methods
Study population
The prospective Zutphen Elderly Study started in 1985,
collecting information on risk factors for CVD and health in
elderly men. At baseline, 555 survivors of the initial Zut-
phen Study [16] were invited and re-examined in 1985.
Additionally, a random sample was selected of all men of
the same birth cohort (age 65e84, living at least ﬁve years
in Zutphen), who were not part of the original cohort. In
total 1266 men were invited of whom 939 participated
(74%).
Men with missing dietary data in 1985 and 1990
(n Z 41) or cancer at baseline (n Z 76) were excluded
from the analysis, resulting in 826 men available for
analysis. Two groups were derived, a diseased population
(nZ 210) of men with prevalent cardiovascular-metabolic
diseases at baseline: myocardial infarction (n Z 97) or
stroke (n Z 26) or diabetes mellitus (n Z 66) or any
combination (nZ 21), and a healthy population (nZ 616)
of men without any of these prevalent diseases at baseline.
The study was conducted according to the guidelines of
the Declaration of Helsinki and was approved by the
Medical Ethics Committee of the University of Leiden, the
Netherlands in 1985 and 1990. Written informed consent
was obtained from all participants.
Dietary data
Information on usual dietary intake of the last month was
collected by trained dieticians, applying the cross-checkdietary history method, adapted to the usual Dutch diet
[17]. Each participant, if possible in the presence of his
wife, was interviewed about his usual food consumption
during weekdays and weekends. Based on this daily
pattern, average food consumption during a day or week
was estimated (ﬁrst check) and the quantity of foods
bought per week (second check) was used to verify the
participants’ food consumption. Daily intake of energy,
nutrients and alcohol was calculated using an updated
Dutch Food Composition Table close to the year of mea-
surement [18]. The reproducibility of the dietary history
method was tested three months and twelve months
after the start of the Zutphen Study. Reproducibility of
major food groups was assessed with the highest
Spearman correlation coefﬁcients for bread (0.83), and
milk products (0.72) and the lowest for meat (0.49) and
vegetables (0.49) [17].
The 782 food items were collapsed into 22 food groups
according to criteria derived from the Netherlands Food
Based Dietary Guidelines. Details about the classiﬁcation of
foods and food groups are summarized in Supplemental
Table 1. We made a distinction between food groups
consisting of healthy nutrients and foods that contribute
importantly to the nutrient supply and are typical for the
Dutch diet and food groups that are high in undesirable
nutrients and foods.
Dietary scores
We created 2 food-based dietary scores. The Dutch Healthy
Nutrient and Food Score (DHNaFS) included 11 nutrient-
dense food groups; vegetables, fruit, whole grains, protein-
rich plant foods (mostly legumes), potatoes, lean meat,
ﬁsh, eggs, low-fat milk and yogurt, vegetable oils and soft
margarines, and non-caloric drinks (tea, coffee, water). The
Dutch Undesirable Nutrient and Food Score (DUNaFS)
included 11 food groups that were high in solid fats, so-
dium and/or added sugar; processed vegetables, fruit juice
and sugar sweetened beverages, high-fat meat, processed
meat, full-fat milk, cheese, reﬁned grains, butter and hard
margarines, ready meals and soups, spreads and snacks.
All food groups were categorized into tertiles of con-
sumption. Subsequently, the two dietary scores were
calculated by summing the tertile scores (0, 1 or 2) of the
food groups included in the score. The theoretical
maximum for both scores was 22. Finally, both food-based
dietary scores were categorized into tertiles. The correla-
tion between the two dietary scores was 0.05. Tracking
correlations between baseline scores and the scores after 5
years were 0.51 for the DHNaFS and 0.46 for the DUNaFS in
the healthy men and 0.64 for the DHNaFS and 0.38 for the
DUNaFS in the cardiovascular-metabolic diseased men.
Ascertainment and classiﬁcation of mortality
Participants were followed until death or censored in 2010
(July 1). Vital status was obtained from municipal regis-
tries. The median follow-up was 10.7 (IQR 5.9e15.9) and
only 2 men were lost to follow-up and censored after their
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death was obtained from Statistics Netherlands and was
veriﬁed by the general practitioners of the participants and
hospital discharge data and data of the Dutch cancer reg-
istry. Coding of the causes of death followed the Interna-
tional Classiﬁcation of Diseases, ninth revision (ICD-9) [19].
With codes 390e459 plus 798.2 (sudden death) referring
to CVD. The ﬁrst cause of death was included in the
analysis.
Other measurements
Data on socioeconomic status (low/moderate/high), phys-
ical activity (0/1e150/>150 min at 4 MET per week) [20],
smoking status (never/former/current), andmedication use
were collected by questionnaire. Medication use was coded
according to the Anatomical Therapeutic Chemical Classi-
ﬁcation System (ATC). Alcohol intake (0/<20/20 g/d) was
derived from the dietary history. Height and body weight
were measured according to standardized procedures. BMI
was calculated as weight (kg) divided by height squared
(m2). Blood pressure was measured twice at the right arm
with the men in supine position, using a random zero
sphygmomanometer. Mean value of the measurements
were calculated. Non-fasting venous blood samples were
taken to determine total and high-density lipoprotein
(HDL) cholesterol levels using standard validated methods
[21e23]. Questionnaires were used to obtain information
about the physicians’ conclusions on history of myocardial
infarction, stroke, diabetes mellitus and cancer.
Statistical analysis
Statistical analyses were conducted using the PC version of
Statistical Analysis System (version 9.3) SAS Institute, Cary,
NC, USA. Baseline characteristics across tertiles of the di-
etary scores were calculated using simple descriptive sta-
tistics. Cox’s proportional hazard regression models were
used to investigate the association of the dietary scores
with CVD and all-cause mortality. Proportional hazards
assumptions were examined by a logeminuselog plot and
the assumptions were met. Different levels of adjustment
were studied. A minimum model (model 1) included age
(continuous) and energy intake per standard deviation
(continuous). This model was further adjusted for smoking
(never, former, current), physical activity (no, 1e150 min/
week, >150 min/week), SES (low, medium, high), and
alcohol intake (0, <20, 20 g/d) (model 2). To the ﬁnal
model (model 3), medication (anti-thrombotics, anti-
diabetics and anti-hypertensives) were added. Sensitivity
analysis included BMI, cholesterol levels and blood pres-
sure in the model.
General linear models with the same adjustment levels
were used to assess the association of life years gained
(modeled as the difference between age at baseline and
age at death) with both dietary scores. For this analysis we
excluded men that were alive in 2010 (n Z 2 in men with
and n Z 33 in men without cardiovascular-metabolic
diseases) and the 2 men that were lost to follow-up.Results
Dutch Healthy Nutrient and Food Score
Overall, the participants in this study consumed a sub-
stantially higher amount of DHNaFS food groups
(approximately 1700 g/d) than DUNaFS food groups
(approximately 600 g/d) resulting in an overall ratio of 2.9.
This ratio was similar in healthy and diseased men in the
ﬁrst tertile of the DHNaFS, but increased more across ter-
tiles in the diseased men (2.4e4.2) than in the healthy
men (2.1e3.7). The diseased men consumed approxi-
mately 75 g/d more of the DHNaFS food groups and 60 g/
d less of the DUNaFS food groups compared to the healthy
men (Table 1). Total median intake of food groups in grams
across tertiles of the DUNaFS can be found in the
Supplemental Table 2.Baseline characteristics
Healthy and diseased men in the highest tertile of the
DHNaFS were more likely to be younger, had a higher
energy intake, consumed more ﬁber and sodium
compared to the lowest tertile (Table 2). Added sugar
intake was lower across tertiles in the diseased men
(47.5 g/d to 50.4 g/d) compared to healthy men (67.4 g/d to
60.8 g/d).
Healthy men in the highest tertile of the DHNaFS were
more physically active and consumed more alcohol. There
were no differences across tertiles of the DHNaFS for
physical activity and alcohol consumption in the diseased
men. None of BMI, blood pressure, cholesterol, smoking,
SES, saturated fat and trans fat intake and medication use
differed across DHNaFS in either healthy or diseased men.Dietary scores and CVD mortality
In the total sample we observed 789 deaths of which 354
were from CVD. In the total sample the DHNaFS was not
signiﬁcantly associated with CVD and all-cause mortality.
Because there was signiﬁcant interaction between healthy
and diseased men with the DHNaFS (p-value 0.02 and 0.05
in the fully adjusted models for CVD and all-cause mor-
tality respectively) we further stratiﬁed all analysis.
We observed 225 CVD deaths in the healthy men and
129 in the diseased men. The absolute risk of CVD mor-
tality was 2e3 times lower in healthy than in diseased
men and relatively stable across tertiles of the DHNaFS in
healthy men but decreased across tertiles of the DHNaFS in
the diseased men (Table 3). The DHNaFS was not associ-
ated with CVD mortality in the total sample and the
healthy men. Diseased men in the highest tertile of the
DHNaFS had 43% (HR 0.57; CI 0.34e0.93) lower CVD
mortality risk compared to patients in the lowest tertile.
Further adjustment for BMI, blood pressure and choles-
terol did not change the results (data not shown). The
DUNaFS was not associated with CVD mortality risk
(Supplemental Table 4).
Table 1 Median intake (IQR) of food groups across tertiles of the Dutch Healthy Nutrient and Food Score of 616 healthy and 210 diseased
participants of the Zutphen Study.
Healthy men Cardiovascular-metabolic diseased men
DHNaFSa DHNaFSa
Tertile 1 2 3 1 2 3
N 196 239 181 68 61 81
DHNaFS food groups (g/day)b
Vegetables 118 (90e153) 143 (109e184) 176 (144e217)* 125.5 (88e155) 120 (93e162) 174 (147e201)*
Fruits 101 (33e157) 133 (70e212) 174 (120e268)* 104.5 (35e178) 128 (88e205) 222 (143e274)*
Whole grains 60 (9e106) 96 (41e140) 122 (88e172)* 61 (6e104) 99 (70e140) 135 (100e170)*
Potatoes 129 (91e180) 160 (116e232) 186 (134e252)* 117.5 (84e150) 160 (96e200) 164 (139e220)*
Protein rich
plant foods
10 (0e24) 19 (7e30) 22 (10e36)* 11.5 (0e24) 16 (6e31) 24 (12e42)*
Lean meat 15 (0e32) 24 (9e42) 32 (17e52)* 16 (11e32) 31 (18e52) 36 (15e56)*
Eggs 11 (4e20) 16 (7e23) 20 (14e27)* 11 (7e16) 14 (9e23) 21 (12e22)*
Fish 6 (0e18) 13 (0e23) 21 (9e35)* 4.5 (0e17) 15 (4e28) 15 (2e29)*
Oils and soft
margarines
0 (0e4) 1 (0e20) 14 (0e24)* 0 (0e11) 1 (0e19) 21 (3e32)*
Non-caloric drinks
(water, tea, coffee)
746 (550e923) 834 (658e1061) 973 (788e1160)* 698 (568e903) 864 (720e1050) 1046 (758e1250)*
Low fat milk and
yogurt
0 (0e110) 84 (0e249) 195 (14e340)* 20 (0e184) 71 (0e271) 202 (33e398)*
DUNaFS food groups (g/day)b
Processed vegetables 9 (0e20) 7 (0e20) 8 (0e18) 11.5 (0e27) 6 (0e19) 4 (0e18)
Fruit juice and sugar
sweetened beverages
41 (0e100) 29 (2e88) 26 (1e85) 21 (0e104) 21 (0e72) 21 (0e71)
Reﬁned grains 61 (27e110) 40 (17e86) 35 (19e68)* 46.5 (16e115) 43 (16e87) 41 (17e68)*
High-fat meat 54 (34e72) 52 (33e73) 51 (36e74) 52.5 (34e72) 51 (29e71) 54 (34e69)
Processed meat 23 (10e40) 26 (11e41) 29 (14e44)* 19 (10e33) 20 (11e36) 25 (6e40)
Full-fat milk and
yogurt
138 (48e331) 132 (33e273) 85 (24e232)* 169 (48e263) 124 (24e269) 68 (14e192)*
Cheese 21 (11.5e37) 27 (15e42) 31 (18e47)* 23.5 (11e45) 26 (16e47) 32 (20e54)*
Butter and hard
margarines
40 (24e56) 37 (22e57) 32 (18e54) 35.5 (22e49) 36 (19e55) 22 (12e38)*
Snacks 42 (21e68) 46 (24e73) 49 (27e73) 30 (16e54) 41 (15e59) 42 (19e74)*
Spreads 7 (0e20) 10 (0e20) 8 (0e20)* 5 (0e15) 10 (1e17) 10 (0e21)
Ready meals 23 (0e71) 24 (0e71) 18 (0e71) 18 (0e72) 18 (0e71) 18 (0e71)
DHNaFS Dutch Healthy Nutrient and Food Score, DUNaFS Dutch Undesirable Nutrient and Food Score *p-trend across quintiles of the Dutch
Healthy Nutrient and Food Score <0.05.
a Tests for trend based on general linear regression with dietary scores as continuous independent variable.
b Foods included in each food group can be found in Supplemental Table 1.
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From the 616 healthy men 583 died and from the 210
diseased men 208 died. The absolute risk for all-cause
mortality was 1.7 times lower in healthy than in diseased
men in the ﬁrst tertile and 1.4 times lower in the second and
third tertile. The absolute risk decreased across tertiles of
the DHNaFS in the total sample, was relatively stable across
tertiles of the DHNaFS in healthy men but decreased across
tertiles of the DHNaFS in the diseased men (Table 4). In the
fully adjusted model, diseased men in the highest tertile of
the DHNaFS had 33% (HR 0.67; CI 0.45e0.99) lower all-
cause mortality risk compared to diseased men in the
lowest tertile. The DUNaFS was not associated with all-
cause mortality risk (Supplemental Table 5).Dietary scores and life years gained
Age at baseline did not differ much between healthy and
diseased men. After adjustment for lifestyle factorsdiseased men in the second and third tertile of the DHNaFS
lived approximately 2.5 years longer compared to diseased
men in the lowest tertile. In the healthy men there was no
difference in life years gained across tertiles (Table 5). The
DUNaFS was not associated with life years gained (data not
shown).Discussion
We assessed two food-based dietary scores in an elderly
sample of men with and without cardiovascular-metabolic
diseases. The DHNaFS was associated with approximately
40% lower CVD and all-cause mortality risk comparing the
extreme score tertiles of cardiovascular-metabolic diseased
men but not in healthy men. Diseased men in the top two
tertiles of the DHNaFS lived approximately 2.5 years longer
compared to those in the lowest tertile. The DUNaFS was
not associated with CVD and all-cause mortality.
Our results of the DHNaFS in the men with
cardiovascular-metabolic diseases are consistent with
Table 2 Baseline characteristics across tertiles of the Dutch Healthy Nutrient and Food Score of 616 healthy and 210 diseased participants of the
Zutphen Studya,b.
Healthy men Cardiovascular-metabolic diseased men
DHNaFS DHNaFS
Tertile 1 2 3 1 2 3
N 196 239 181 68 61 81
Age in 1985 in years 72.5 (5.4) 72.1 (5.2) 70.9 (4.9)* 73.2 (5.3) 73.7 (5.5) 71.1 (5.1)*
BMI 25.7 (3.4) 25.4 (2.6) 25.9 (3.4) 26.2 (3.1) 25.1 (2.9) 25.6 (3.2)
Systolic blood pressure 150.7 (18.4) 150.3 (22.5) 150.7 (21.2) 151.8 (17.7) 149.7 (23.3) 151.6 (24.3)
Diastolic blood pressure 84.9 (11.1) 85.7 (11.1) 86.2 (11.8) 85.9 (10.8) 83.3 (11.3) 85.3 (12)
Serum lipids mmol/literc
Total cholesterol 6.1 (1.1) 6.1 (1) 6.1 (1) 6.2 (1.6) 6 (1.1) 6.2 (1.1)
HDL cholesterol 1.1 (0.3) 1.1 (0.3) 1.2 (0.3)* 1.1 (0.3) 1.1 (0.3) 1.1 (0.3)
Physical activity
No 115 (61.2) 106 (46.1) 65 (36.5) 49 (72.1) 42 (68.9) 51 (64.6)
1e150 min/week at  4 MET 34 (18.1) 60 (26.1) 52 (29.2) 5 (7.4) 6 (9.8) 11 (13.9)
>150 min/week at  4 MET 39 (20.7) 64 (27.8) 61 (34.3)* 14 (20.6) 13 (21.3) 17 (21.5)
Smoking
Never 33 (18.3) 41 (18.3) 33 (18.9) 14 (21.9) 10 (17.2) 18 (22.8)
Former 82 (45.6) 116 (51.8) 92 (52.6) 31 (48.4) 31 (53.5) 43 (54.4)
Current 65 (36.1) 67 (29.9) 50 (28.6) 19 (29.7) 17 (29.3) 18 (22.8)
SES
Low 45 (23.9) 67 (29.4) 45 (25.3) 28 (41.8) 20 (32.8) 18 (22.8)
Medium 128 (68.1) 133 (58.3) 113 (63.5) 33 (49.3) 39 (63.9) 52 (65.8)
High 15 (8) 28 (12.3) 20 (11.2) 6 (9) 2 (3.3) 9 (11.4)
Alcohol consumption
0 g/day 60 (31.8) 43 (18.6) 34 (19) 23 (34.9) 21 (35) 25 (31.7)
<20 g/day 82 (43.4) 131 (56.7) 91 (50.8) 25 (37.9) 24 (40) 43 (54.4)
20 g/day 47 (24.9) 57 (24.7) 54 (30.2)* 18 (27.3) 15 (25) 11 (13.9)
Prescribed diet 32 (16.9) 39 (16.9) 31 (17.3) 33 (50) 31 (51.7) 51 (64.6)
Energy (kcal/d) 2125.2 (511.8) 2285.7 (499.3) 2434.2 (492.5)* 1888.2 (396.8) 2133 (518.6) 2301.1 (465.9)*
Dietary ﬁber, g 20.3 (5.6) 24.9 (5.9) 29 (6)* 19.5 (5.7) 23.9 (7.6) 30.3 (7.8)*
Saturated fat, g 42.7 (15) 44 (14.6) 44.4 (15) 38.6 (11.3) 42.3 (16) 38.4 (13.6)
Trans fatty acid, g 10.5 (5.6) 11 (6.5) 11.2 (6.4) 8.3 (4.2) 9.5 (5.5) 10 (5.7)*
Sodium, mg 2213.3 (586.2) 2457.1 (645.9) 2743 (687.9)* 2115.4 (667) 2417.4 (599.3) 2771.4 (811.6)*
Added sugar, g 67.4 (40.8) 64.6 (38) 60.8 (36.2)* 47.5 (31.9) 47.3 (42.3) 50.4 (39.7)*
Medication
Antithrombotic agents 6 (3.3) 12 (5.3) 12 (6.9) 15 (23.4) 11 (19) 21 (26.6)
Lipid lowering drugs 1 (0.6) 1 (0.4) 1 (0.6) 0 (0) 1 (1.7) 2 (2.5)
Antidiabetic drugs 0 (0) 0 (0) 0 (0) 4 (6.3) 11 (19) 15 (19)
Antihypertensive drugs 29 (16.1) 38 (16.9) 36 (20.6) 22 (34.4) 24 (41.4) 32 (40.5)
Prevalent diseases
Myocardial infarction 27 (39.7) 31 (50.8) 39 (48.1)
Stroke 11 (16.2) 5 (8.2) 10 (12.3)
Diabetes mellitus 23 (33.8) 21 (34.4) 22 (27.2)
Any combination of the above 7 (10.3) 4 (6.6) 10 (12.3)
DHNaFS Dutch Healthy Nutrient and Food Score *p-value <0.05.
a Values are presented as mean (SD) for continuous variables or n (%) for categorical variables.
b Tests for trend of continuous variables were based on general linear regression with dietary scores as continuous independent variable. Chi-
square tests were used for categorical variables across all 3 levels of dietary scores.
c To convert the values for cholesterol to milligrams per deciliter, divide by 0.02586.
Healthy eating and survival 1121those of the cardiac patients the HALE project [15]. In that
study a higher MDS-score was associated with lower all-
cause mortality risk in cardiac patients [15]. In the
Health Professionals Follow-up study the Mediterranean
Diet Score (MDS) was associated with lower all-cause and
CVD mortality risk in men with a previous CVD event [11].
However, that study showed that the associations of the
MDS score with mortality attenuated after removal of the
alcohol component from the score [11]. In the present
study there was no alcohol component included in the
dietary scores, instead we adjusted for alcohol
consumption.Several studies reported signiﬁcant inverse associations
of dietary scores with CVD and all-cause mortality in
elderly men free from cardiovascular-metabolic diseases
[4,5,7]. Our results in healthy men are in line with those of
Hamer et al. on a Mediterranean-style dietary pattern [10]
and Streppel et al. on the NRF9.3 score who observed no
association with all-cause mortality in healthy men [24].
One explanation for the different associations in men with
and without cardiovascular-metabolic diseases could be
that only 17% of the healthy men were on a prescribed diet
compared to more than 54% of the diseased men. The diet
quality of the diseased men likely improved because of the
Table 3 Multivariable adjusted HRs (95% CI) for CVD mortality across tertiles of the Dutch Healthy Nutrient and Food Score.
T1 T2 T3 P-trend
DHNaFS (Median IQR) 8 (7e9) 11 (10e12) 14 (13e15)
Healthy men
N 196 239 181
Person-years 2281 2891 2345
No. of cases 68 90 67
AR per 1000 py 29.8 31.1 28.6
Model 1 1 1.07 (0.78e1.47) 1.03 (0.73e1.47) 0.48
Model 2 1 1.09 (0.77e1.53) 1.06 (0.74e1.54) 0.38
Model 3 1 1.06 (0.76e1.49) 0.99 (0.68e1.44) 0.53
Cardiovascular-metabolic diseased men
N 68 61 81
Person-years 473 562 775
No. of cases 46 39 44
AR per 100 py 97.2 69.4 56.8
Model 1 1 0.61 (0.40e0.95) 0.63 (0.40e0.99) 0.03
Model 2 1 0.63 (0.40e1.01) 0.69 (0.43e1.10) 0.11
Model 3 1 0.54 (0.33e0.88) 0.57 (0.34e0.93) 0.02
HR hazard ratio, CI conﬁdence interval, DHNaFS Dutch Healthy Nutrient and Food Score, AR absolute risk.
Model 1 adjusted for age and energy (kcal)/SD.
Model 2 additionally adjusted for alcohol intake (0, <20, 20 g/d), SES (low, moderate, high), physical activity (0/1e150/>150 min at  4 MET per
week) and smoking status (never, former, current).
Model 3 additionally adjusted for medication (antithrombotic agents, anti-diabetic drugs, anti-hypertensive drugs).
1122 F.P.C. Sijtsma et al.dietary advice and showed a stronger contrast in dietary
ﬁber and sodium intake compared to the healthy men.
This could be an explanation for the association observed
in the diseased men and the absence of an association in
healthy men. The dietary advice in the diseased men may
be reﬂected in the lower intake of added sugar in this
group.
The food groups scored in the DUNaFS were generally
high in solid fats, sodium and/or added sugar and there-
fore we hypothesized an unfavorable effect on health,
however, we did not ﬁnd associations of this dietary scoreTable 4 Multivariable adjusted HRs (95% CI) for All-Cause mortality acro
T1 T2
DHNaFS (median IQR) 8 (7e9) 11 (10e
Healthy men
N 196 239
Person-years 2281 2891
No. of cases 187 227
AR per 1000 py 82.0 78.5
Model 1 1 0.96 (0.
Model 2 1 1.06 (0.
Model 3 1 1.04 (0.
Cardiovascular-metabolic diseased men
N 68 61
Person-years 473 562
No. of cases 46 39
AR per 1000 py 143.8 108.5
Model 1 1 0.64 (0.
Model 2 1 0.67 (0.
Model 3 1 0.58 (0.
HR hazard ratio, CI conﬁdence interval, DHNaFS Dutch Healthy Nutrient a
Model 1 adjusted for age and energy (kcal)/SD.
Model 2 additionally adjusted for alcohol intake (0, <20, 20 g/d), SES (low
week) and smoking status (never, former, current).
Model 3 additionally adjusted for medication (antithrombotic agents, antwith mortality. A reason for this null-ﬁnding could be that
two dietary scores are not mutually exclusive. The men
consumed on average 2000e2500 g across tertiles of the
DUNaFS, of which approximately 1700 g was derived from
the DHNaFS food groups. This suggests that even though
men score high on the DUNaFS they can still have a
reasonable healthy overall diet and could be a reason for
the null-ﬁndings with the DUNaFS.
The dietary scores were relatively stable characteristics
with good 5-year tracking correlations, although we
observed stronger correlation coefﬁcients for the DHNaFSss tertiles of the Dutch Healthy Nutrient and Food Score.
T3 P-trend
12) 14 (13-15)
181
2345
168
71.6
78e1.16) 0.89 (0.72e1.11) 0.50
85e1.31) 1.02 (0.81e1.28) 0.63
84e1.29) 0.97 (0.76e1.23) 0.82
81
775
44
100.6
45e0.91) 0.73 (0.51e1.05) 0.15
45e0.97) 0.79 (0.54e1.15) 0.47
39e0.86) 0.67 (0.45e0.99) 0.11
nd Food Score, AR absolute risk.
, moderate, high), physical activity (0/1e150/>150 min at  4 MET per
i-diabetic drugs, anti-hypertensive drugs).
Table 5 Life years gaineda (95% CI) across tertiles of the Dutch Healthy Nutrient and Food Score.
Healthy men Cardiovascular-metabolic diseased men
DHNaFS DHNaFS
Tertile 1 2 3 1 2 3
N 187 227 168 68 61 78
Age at examination 1985b 72.7 (5.4) 72.3 (5.2) 71.2 (4.9) 73.2 (5.3) 73.7 (5.5) 71.2 (5.1)
Age at death 83.8 (6.4) 83.7 (6.4) 83.2 (6.9) 80.1 (6.4) 82.9 (6.5) 80.5 (6.0)
Age difference 11.1 (5.7) 11.4 (6.1) 12.0 (6.2) 6.9 (5.3) 9.2 (6.0) 9.2 (5.5)
Life years gained
Model 1 Ref 0.3 (0.9e1.5) 0.9 (0.4e2.2) ref 2.2 (0.2e4.2) 2.1 (0.2e4.1)
Model 2 Ref 0.1 (1.4e1.1) 0.2 (1.1e1.5) ref 2.3 (0.3e4.4) 2.0 (0.0e4.0)
Model 3 Ref 0.0 (1.3e1.2) 0.4 (0.9e1.8) ref 2.6 (0.6e4.6) 2.4 (0.4e4.5)
DHNaFS Dutch Healthy Nutrient and Food Score.
Model 1 adjusted for energy (kcal)/SD.
Model 2 additionally adjusted for alcohol intake (0, <20, 20 g/d), SES (low, moderate, high), physical activity (0/1e150/>150 min at  4 MET per
week) and smoking status (never, former, current).
Model 3 additionally adjusted for medication (antithrombotic agents, anti-diabetic drugs, anti-hypertensive drugs).
a Number of life years gained is based on years lived since baseline examination.
b Mean (SD).
Healthy eating and survival 1123than for the DUNaFS. Both dietary scores do not take into
account secular trends such as dietary modiﬁcations by
the food-industry. We showed previously that between
1985 and 1995 trans fatty acid intake decreased in the
Zutphen elderly [25]. This suggests that although the
participants kept a similar dietary pattern over the years
the nutritional composition improved. More speciﬁcally
this affected food groups (i.e. snacks and butter and mar-
garines) included in the DUNaFS. This could be another
explanation for the lack of association of this dietary score
and mortality.
Our study has limitations. Our sample size was rela-
tively small, especially the diseased men. Our study sam-
ple comprised elderly Dutch men and therefore might not
be generalizable to younger populations and women.
Although we accounted for several possible confounding
variables residual confounding cannot be ruled out. Our
study has several strengths. Diet was assessed with the
cross check dietary history method, which provides
detailed information regarding the types of food and
beverages consumed, which enabled us to deﬁne food
groups objectively and systematically using classiﬁcation
criteria for foods derived from the Netherlands’ Food-
Based Dietary Guidelines [26]. Follow-up was long and
almost complete resulting in a large number of person
years and only 2 persons were lost to follow-up. Because
our population was almost followed until extinction we
had a unique opportunity to assess life years gained. To the
best of our knowledge no previous study assessed the
amount of life years gained with healthy eating.
In conclusion, our results suggest that a high quality
diet is associated with 40% lower mortality risk and longer
life expectancy in elderly men with cardiovascular-
metabolic diseases, but not in elderly men without these
diseases. These results need replication in other and larger
studies. Also, research on the impact of diet in elderly is
needed to make more accurate food-based recommenda-
tions and should take into account not only life expectancy
but also quality of life.Contributions
FPCS: conceptualization, statistical analysis, interpretation,
and writing of the manuscript text; SSSM: conceptualiza-
tion, interpretation, writing and review of the manuscript;
SEMdH: statistical analysis, interpretation, writing and re-
view of the manuscript; DRJ: statistical analysis, interpre-
tation and review of the manuscript, DK: conceptualization,
interpretation, writing and review of the manuscript text.
FPCS SEMdH and DK declare no conﬂict of interest.
SSSM received unrestricted grants from the Dutch Dairy
Association and Global Dairy Platform to carry out meta-
analysis on the association between dairy products and
cardiovascular diseases. DRJ is a consultant for the Cali-
fornia Walnut Commission.Funding
The contributions of F.P.C.S., S.S.S.M. and D.K. to this article
were funded by the Royal Netherlands Academy of Arts
and Sciences. The funders had no role in study design, data
collection and analysis, decision to publish, or preparation
of the manuscript.
Appendix A. Supplementary data
Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.numecd.2015.08.008.References
[1] Waijers PM, Feskens EJ, Ocke MC. A critical review of predeﬁned
diet quality scores. Br J Nutr 2007;97:219e31.
[2] Kant AK. Dietary patterns and health outcomes. J Am Diet Assoc
2004;104:615e35.
[3] Ford DW, Jensen GL, Hartman TJ, Wray L, Smiciklas-Wright H.
Association between dietary quality and mortality in older adults:
a review of the epidemiological evidence. J Nutr Gerontol Geriatr
2013;32:85e105.
1124 F.P.C. Sijtsma et al.[4] Reedy J, Krebs-Smith SM, Miller PE, Liese AD, Kahle LL, Park Y,
et al. Higher diet quality is associated with decreased risk of all-
cause, cardiovascular disease, and cancer mortality among older
adults. J Nutr 2014;144:881e9.
[5] Atkins JL, Whincup PH, Morris RW, Lennon LT, Papacosta O,
Wannamethee SG. High diet quality is associated with a lower risk
of cardiovascular disease and all-cause mortality in older men. J
Nutr 2014;144:673e80.
[6] McNaughton SA, Bates CJ, Mishra GD. Diet quality is associated
with all-cause mortality in adults aged 65 years and older. J Nutr
2012;142:320e5.
[7] Knoops KT, de Groot LC, Kromhout D, Perrin AE, Moreiras-
Varela O, Menotti A, et al. Mediterranean diet, lifestyle factors, and
10-year mortality in elderly European men and women: the HALE
project. J Am Med Assoc 2004;292:1433e9.
[8] Lee MS, Huang YC, Su HH, Lee MZ, Wahlqvist ML. A simple food
quality index predicts mortality in elderly Taiwanese. J Nutr
Health Aging 2011;15:815e21.
[9] Lasheras C, Fernandez S, Patterson AM. Mediterranean diet and
age with respect to overall survival in institutionalized,
nonsmoking elderly people. Am J Clin Nutr 2000;71:987e92.
[10] Hamer M, McNaughton SA, Bates CJ, Mishra GD. Dietary patterns,
assessed from a weighed food record, and survival among elderly
participants from the United Kingdom. Eur J Clin Nutr 2010;64:
853e61.
[11] Lopez-Garcia E, Rodriguez-Artalejo F, Li TY, Fung TT, Li S,
Willett WC, et al. The Mediterranean-style dietary pattern and
mortality among men and women with cardiovascular disease.
Am J Clin Nutr 2014;99:172e80.
[12] Li S, Chiuve SE, Flint A, Pai JK, Forman JP, Hu FB, et al. Better diet
quality and decreased mortality among myocardial infarction
survivors. JAMA Intern Med 2013;173:1808e18.
[13] Dehghan M, Mente A, Teo KK, Gao P, Sleight P, Dagenais G, et al.
Relationship between healthy diet and risk of cardiovascular dis-
ease among patients on drug therapies for secondary prevention:
a prospective cohort study of 31 546 high-risk individuals from 40
countries. Circulation 2012;126:2705e12.
[14] Barzi F, Woodward M, Marﬁsi RM, Tavazzi L, Valagussa F,
Marchioli R, et al. Mediterranean diet and all-causes mortality
after myocardial infarction: results from the GISSI-prevenzione
trial. Eur J Clin Nutr 2003;57:604e11.[15] Iestra J, Knoops K, Kromhout D, de Groot L, Grobbee D, van
StaverenW. Lifestyle, Mediterranean diet and survival in European
post-myocardial infarction patients. Eur J Cardiovasc Prev Rehabil
2006;13:894e900.
[16] Keys A. Seven countries. A multivariate analysis of death and
coronary heart disease. Harvard University Press; 1980.
[17] Bloemberg BP, Kromhout D, Obermann-De Boer GL, Van Kampen-
Donker M. The reproducibility of dietary intake data assessed with
the cross-check dietary history method. Am J Epidemiol 1989;130:
1047e56.
[18] Stichting Nederlands Voedingsstoffenbestand. NEVO-tabel:
Nederlands voedingsstoffenbestand 1986e1987. Den Haag: Voor-
lichtingsbureau voor de Voeding; 1989e1990.
[19] World Health Organization. International classiﬁcation of diseases,
ninth revision (ICD-9). 1977. Geneva: Switzerland.
[20] Caspersen CJ, Bloemberg BP, Saris WH, Merritt RK, Kromhout D.
The prevalence of selected physical activities and their relation
with coronary heart disease risk factors in elderly men: the Zut-
phen Study. Am J Epidemiol 1985;1991(133):1078e92.
[21] Siedel J, Schlumberger H, Klose S, Ziegenhorn J, Wahlefeld AW.
Improved reagent for the enzymatic determination of serum-
cholesterol. J Clin Chem Clin Biol 1981;19:838e9.
[22] Stahler F, Gruber W, Stinshoff K, Roschlau P. A practical enzymatic
cholesterol determination. Med Lab (Stuttg) 1977;30:29e37.
[23] Warnick GR, Benderson J, Albers JJ. Dextran sulfate-Mg2þ pre-
cipitation procedure for quantitation of high-density-lipoprotein
cholesterol. Clin Chem 1982;28:1379e88.
[24] Streppel MT, Sluik D, van Yperen JF, Geelen A, Hofman A,
Franco OH, et al. Nutrient-rich foods, cardiovascular diseases and
all-cause mortality: the Rotterdam study. Eur J Clin Nutr 2014;68:
741e7.
[25] Oomen CM, Ocke MC, Feskens EJM, van Erp-Baart MAJ, Kok FJ,
Kromhout D. Association between trans fatty acid intake and
10-year risk of coronary heart disease in the Zutphen Elderly
Study: a prospective population-based study. Lancet 2001;357:
746e51.
[26] Netherlands Nutrition Centre. Guidelines food choice. Den Haag.
2011. http://www.voedingscentrum.nl/Assets/Uploads/Documents/
Voedingsvoorlichters/Richtlijnen_voedselkeuze_2011.pdf [accessed
04.06.12].
